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ABSTRACT
We present an observation of XMM-Newton that unambiguously reveals the “Seyfert
2” nature of the Broad Line Radio Galaxy 3C 445. For the first time the soft excess
of this source has been resolved. It consists of unobscured scattered continuum flux
and emission lines, likely produced in a warm photoionized gas near the pole of an
obscuring torus. The presence of circumnuclear (likely stratified) matter is supported
by the complex obscuration of the nuclear region. Seventy percent of the nuclear
radiation (first component) is indeed obscured by a column density ∼ 4× 1023 cm−2,
and 30% (second component) is filtered by ∼ 7 × 1022 cm−2. The first component
is nuclear radiation directly observed by transmission through the thicker regions.
The second one is of more uncertain nature. If the observer has a deep view into the
nucleus but near the edge of the torus, it could be light scattered by the inner wall of
the torus and/or by photoionized gas within the Broad Line Region observed through
the thinner rim of the circumnuclear matter.
1 INTRODUCTION
3C 445 (z=0.05623, Eracleous & Halpern 2004) is a powerful
FRII galaxy (P178 = 3×10
25 WHz−1 sr−1) showing a pair of
double-lobes whose radio axis are misaligned by 2◦ (Shoen-
markers et al. 2000). It it classified as a Broad Line Radio
Galaxy (BLRG) because of its broad and intense Balmer
lines (FHWMHβ=3×10
3 km s−1) produced in a region of
size R=1.2×1016 cm (Osterbbrock, Koski & Phillips 1976).
The optical continuum exhibits decreasing polarization with
increasing wavelength as expected in polarization induced by
dichroic absorption (Rudy et al. 1983, Cohen et al. 1999).
Near infrared spectroscopical observations confirms a sub-
stantial reddening of the BLRG region by EB−V ∼ 1 mag
(Rudy & Tokunga 1982). The broad Hα line is also seen in
polarized light. Its polarization angle changes by about 45◦
from the red to the blue wings. This suggests a BLR in-
side the torus, rotating in an equatorial plane only partially
seen by the observer. Both the red and blue-shifted emission
lines from the clouds are scattered by material surrounding
the BLR. Cohen et al. (1999) suggested that the scatter-
ing region coincides with the inner wall of the torus. Dust
presence in 3C445 has been recently provided by ISO and
Spitzer observations (Freudling et al. 2003, Haas et al. 2005).
In particular the radio-to infrared SED of 3C445 indicates
a predominance of dust emission in the infrared region and
a negligible contribution of synchrotron photons. The SED
modeling based on spherical radiative transfer calculations
indicates an extended dust region of 125 pc radius and a
quite large visual extinction Av = 16 (Siebenmorgen et al.
2004). The presence of cold circumnuclear matter has been
also supported by several X-ray observations, all showing a
nuclear component strongly absorbed. The X-ray spectrum
appears complex and structured requiring more power-laws
absorbed by different column densities (Yamashita & Inoue
1997, Sambruna et al. 1998, Wozniak et al. 1998, Grandi
Malaguti & Fiocchi 2006). Interestingly, the estimated col-
umn density, (NH ∼ 5 × 10
22
− 3 × 1023 cm−2) implies a
reddening of the BLR much larger than that observed (if
a standard Galactic EB−V /NH ratio is assumed). As dis-
cussed by Maiolno et al. (2001a, 2001b), this discrepancy
can be solved if a predominance of larger dust grains (when
compared to the Galactic interstellar medium) occurs in the
circumnuclear AGN clouds.
Although classified as Broad Line Radio Galaxy, 3C 445
appears to be a quite peculiar source, different from the
other BLRGs which are generally characterized by Seyfert 1-
like X-ray spectra (Grandi, Malaguti & Fiocchi 2006). Fi-
nally, we mention that a Narrow Line QSO located at only
1.3′ from 3C 445 has been discovered by XMM-Newton
(Grandi et al. 2004). Its spectrum is extremely soft and well
represented by a power law (photon index, Γ = 2.5) plus a
black body component (kT = 117 eV) absorbed by Galac-
tic NH . The presence of this AGN in the vicinity of 3C 445
adds uncertainties, casting doubts on previous X-ray analy-
sis based on limited spatial resolution data. In this paper we
present a XMM-Newton observation, which does unambigu-
ously disentangle the different components of the 3C 445
spectrum. In particular we show that the soft X-ray radia-
tion is a mix of emission lines and scattered continuum pro-
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duced by a photoionized gas located well beyond the torus
and the BLR. A more coherent geometrical/physical pic-
ture of this source, more similar to Seyfert 2 galaxies than
to BLRGs, will be proposed.
2 SPECTRAL ANALYSIS
XMM-Newton observed 3C 445 on December 6 2001 for 23
ks. In this papers data of the Reflection Grating Spectrom-
eter [RGS; (der Herder et al. 2001)), and of the European
Photon Imaging Cameras (EPIC-MOS, (Turner et al. 2001);
EPIC-pn, (Stru¨der et al. 2001)] are presented. The EPIC
(MOS and PN) cameras were operated in “small window”
mode. The analysis was performed using the SAS software
(version 6.5.0). Since no significant pile-up was present in
the data, single and double pixel events were selected. After
filtering out periods of high background we obtained net ex-
posures of about 17 ks for the two MOS camera and ∼12 ks
for the pn camera. The source plus background counts were
extracted from circular regions with a radius of 42 arcsec;
the background spectra from source–free regions in the same
chip as the source. The response matrices were created using
the SAS commands arfgen and rmfgen.
The RGS yields high-resolution (first order resolution
600-1700 km s−1) spectra in the 6–35 A˚ (0.35–2 keV) range.
The cross-dispersion slit has a 5′ diameter, thus encompass-
ing the whole optical diameter of the optical galaxy. Data
were reduced from the Observation Data files, according to
standard procedures as in Guainazzi & Bianchi (2006). It
suffices here to say that we have used SASv6.5 (Gabriel et al.
2003), and the most updated calibration file. Source spectra
were generated assuming an aspect reconstruction centered
on the nominal optical coordinates of the 3C 445 nucleus.
Background spectra were generated from blank fields accu-
mulated over the mission.
All spectral fits presented in this paper include ab-
sorption due to a line-of-sight Galactic column density of
NH=5.01×10
20 cm−2 (Murphy et al. 1966). Errors are
quoted at the 90 per cent confidence level (∆χ2 = 2.7)
for one interesting parameter. The cosmological parameters
used throughout the paper are H0 = 70 km
−1 s−1 Mpc−1,
Ω0 = 0.73 and q0= 0.
3 THE EPIC SPECTRUM
The X-ray spectral complexity of 3C 455 is well known
from previous studies. Therefore we initially decided to con-
sider only the energy range between 2-10 keV to avoid the
highly structured soft emission while analyzing the hard X-
ray continuum. The combination of a photoelectrically ab-
sorbed power-law and of a Gaussian emission line profile
was the first model applied to the EPIC spectra, simultane-
ously fitted. The fit was formally acceptable, but the power
law was extremely hard (Γ = 1.2) implying, as expected,
that a more complicated model is required. BeppoSAX data
(Grandi Malaguti & Fiocchi 2006) indicated the presence of
a reflection hump ad high energies, with a relative reflec-
tion normalization, R=1.2. However, it was impossible to
significantly constrain the value of R due to the insufficient
quality of the data and to a possible contamination of the
Table 1. EPIC best-fit parameters. normalizations n are ex-
pressed in cm−2 s−1 keV−1; the normalization of the iron line
is expressed in photons cm−2 s−1.
Γ 1.68+0.04
−0.02
R 1.2 (fixed)
NH,1 (4
+3
−2)× 10
23 cm−2
NH,2 (7.8±0.4) × 10
22 cm−2
n1 (3.2±0.1) × 10−3
n2 (9.4
+0.5
−0.7) × 10
−4
nunobscured (9.70±0.07) × 10
−5
EFe (keV) 6.36±0.04
σFe (eV) 60
+50
−40
FFe 2.3
+0.7
−0.6 × 10
−5
EW (eV) 160+50
−40
Unabsorbed fluxes and luminosities
L2−10 keV (erg s
−1) 1.2× 1044
F lux2−10 keV (erg s
−1 cm−2) 1.7×10−11
15-100 keV spectrum by the nearby A2440 cluster. Hence
we aimed at verifying whether a reflection component was
required by the EPIC spectra as well. The quality of the
fit improved after the inclusion of this component in the
first model (χ2/ν = 220/238). However, the normalization
of the reflection component was unusually large (R≃5) and
a power-law photon index still hard(Γ ≃ 1.43). As a strong
reflected component can mimic an absorbed power-law, a
different model was tried. We tried to fix the relative nor-
malization of the reflection component to the best-fit value
measured by BeppoSAX, and added a second power-law,
with same spectral slope as that first model, screened by a
different absorbing column density. The fit improved again
(∆χ2 = 6 for a decrease by 1 in the number of degrees of free-
dom) The photon index is not flat anymore (Γ ≃ 1.7), and
closer to typically observed values. In this scenario, a column
density ≃ 4×1023 cm−2 obscures ∼ 70% of the hard contin-
uum, whereas the remaining ∼ 30% of the nuclear radiation
is seen through less thick material, with NH ≃ 8 × 10
22
cm−2. The Equivalent Width of the neutral or mildly ion-
ized iron Kα fluorescent emission line, EW ≃ 160 eV, is in
agreement with ASCA and BeppoSAX results (Sambruna
et al. 1998, Grandi et al. 2006, Dadina 2007). As already
suggested by Wozniak et al. (1998), the cold gas covering
the nuclear region is probably the source of the Fe Kα line.
The Fe equivalent width of ∼ 160 eV is indeed in good
agreement with the predictions of Ghisellini Haardt & Matt
(1994), who simulated the contribution of circumnuclear
(toroidal) matter to the X-ray spectrum of Seyferts. Thus,
assuming a Keplerian motion of the obscuring matter and a
black hole mass of M = 1.4× 108 M⊙ (Bettoni et al. 2003),
the intrinsic width of the Fe line provides a rough estimate
of the torus location R ∼ GM
(cσFe/EFe)
2
∼ 2.3×1017 cm. Tak-
ing into account the σFe uncertainties, we estimate that the
torus distance can not be smaller than 0.02 pc and larger
than 0.7 pc.
Extending the 2-10 keV model to lower energies reveals
a highly structured soft emission and a remarkable similarity
with “classical” radio quiet Seyfert 2 galaxies (Matt et al.
2004). Driven by this analogy, we then searched for emission
lines in the 3C 445 soft X-ray spectrum overimposed to a
c© 0000 RAS, MNRAS 000, 000–000
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Table 2. Emission lines detected in the Epic soft X-rays spec-
trum. Ec is the centroid line energy (keV) in the source rest frame;
F is the line flux in units of 10−6 photons cm−2 s−1.
Tentative Identification Ec F
NVII Ly-α 0.50+0.02
−0.03 13.9
+0.6
−0.8
OVII He-α 0.58+0.05
−0.05 22.6
+0.6
−0.9
FeXVII 3d-2p 0.83+0.03
−0.02 6.3
+2.6
−2.5
SiXIII He-α 1.80+0.04
−0.02 3.5
+1.1
−1.2
Figure 1. 3C 3445 PN spectrum (upper panel) and residuals
in term of standard deviations. (lower panel) Unfolded spectral
model
unabsorbed power law continuum. A summary of the best-fit
parameters for the hard X-ray spectrum is shown in Table 1,
while the detected lines are listed in Table 2. The broadband
spectrum (0.4 − 10 keV) alongside the final model (χ2/ν =
258/279) is shown in Figure 1.
The flux at 1 keV of the unabsorbed continuum is ∼ 3%
of the direct strongly obscured primary power law.
4 HIGH-RESOLUTION SPECTROSCOPY IN
THE SOFT X-RAY BAND
We were aware that the complexity of the 0.5-10 keV emis-
sion does not exclude other possible parameterizations of
the soft spectrum. For this reason, we decided to explore
the RGS spectrum in order to find an independent support
to our interpretation.
To search for emission lines in the RGS spectra, “local”
fits were performed on 100 spectral channels wide intervals
around energies were emission lines typically observed in ob-
scured AGN are typically found. (Kinkhabwala et al. 2002).
The continuum underneath the emission line was modeled
with a Γ = 1 power-law with free normalization (given the
negligible continuum level, the choice of this value of the un-
derlying photon index has no impact on the line detection).
Unresolved Gaussian profiles were used to fit emission lines.
Table 3. List of Oxygen emission lines detected in the RGS spec-
trum of 3C 445 Ec is the centroid line energy (keV) ; F is the line
flux in units of 10−6 photons cm−2 s−1
Identification Ec F
Ovii He-α (f) 0.5619±0.00030.008 31
+22
−14
Ovii He-α (i) Ec(f) + 0.0077 <0.9
Ovii He-α (r) Ec(f) + 0.0130 <1.0
Oviii Ly-α 0.6527±0.00090.0010 11
+12
−8
Figure 2. 3C 3445 RGS spectrum of 3C 445 in the 19–25 A˚
wavelength range. The rest-frame wavelengths of the Ovii He-α
triplet and of the Oviii Ly-α are labeled.
Despite the overall low soft X-ray flux density, the forbid-
den (f) component of the Ovii triplet is detected, as well
as the Oviii Ly-α (see Tab. 3). A zoom of the RGS spectra
around in the energy range where He- and H-like Oxygen
transitions are shown in Fig. 2. Interestingly enough, the
best-fit centroid energy of the Ovii H-α triplet components
is blue-shifted by v = 430±220160 km s
−1, suggesting that the
line emitting gas is outflowing (the typical statistical uncer-
tainties on the RGS aspect solutions are ≃100 km s−1 at
this wavelength). However, this shift is not confirmed in the
lower statistical quality Oviii Ly-α line. Although it is po-
tentially possible that Ovii and Oviii transitions are emitted
in dynamically separated phases of the photoionized gas, we
still consider the evidence for outflowing gas in the nuclear
environment of 3C 445 as tentative, to be confirmed by fu-
ture, more accurate measurements.
A handful of Fe-L transitions are marginally detected
as well, and not reported in Tab. 1. They will not be further
discussed hereafter.
The detection of the He-like Oxygen triplet f compo-
nent is a clear indication for a photoionized plasma. How-
ever, given the low significance of the detection, quantita-
tive plasma diagnostics based on the triplet component in-
tensity ratios (Gabriel & Jordan 1969; Porquet & Dubau
2000) are partly ambiguous. Only lower limits can be de-
rived for the R (> 1.7) and G (> 1.9). Although fully con-
sistent with photoionized plasma, these value do not rule
out collisional ionization. Guainazzi & Bianchi 2007 pro-
posed a difference diagnostics plane to discriminate on a
statistical basis photoionized- (AGN) from collisionally ion-
ized (starburst) powered sources: based on the intensity of
the f component of the Ovii He-like triplet (dubbed η ratio,
once normalized to the Oviii Ly-α) against the integrated
luminosity L= of He- and H-like Oxygen lines. The values
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derived from the RGS spectrum of 3C 445 (log(η) = 0.5±0.20.7;
LO ∼ 3×10
41 erg s−1) place 3C 445 in the plane region pref-
erentially occupied by obscured AGN.
5 DISCUSSION
5.1 Nuclear continuum and obscuring gas
Although 3C445 is optically classified as BLRG, its X-ray
spectrum is similar to that observed in Seyfert 2 galaxies.
The nuclear continuum is absorbed and the soft excess is well
fitted by a weak power law plus emission lines. The hard X-
ray emission is attenuated by a complex absorber with 70%
of the nuclear continuum absorbed by a column density of
NH1 ∼ 4 × 10
23 cm−2 (first component) and ∼ 30% by
a smaller column of NH2 ∼ 7 × 10
22 cm−2 (second com-
ponent). About 3% is attenuated only by the Galactic NH
(third component). These results can be most straightfor-
wardly interpreted using an analogy with typical spectra
of radio-quiet obscured AGN. A torus obscures the nuclear
continuum (first component) that is probably associated to
an accretion flow, while ionized gas, produces the soft lines
and, acting as a mirror, scatters the X-ray continuum (third
component) towards the observer beyond the outer rim of
the torus.
The origin of the second component is less obvious. Con-
sidering that 3C445 is a powerful radio galaxy, it seems nat-
ural to associate it to a jet. If this is the case, the strength
of the non-thermal beamed radiation (second component) is
smaller than the accretion flow (first component) by a fac-
tor ∼ 0.3 in the 2-10 keV band. In spite of the apparent
agreement with the results of Grandi & Palumbo (2007),
who have attempted a first separation between the nuclear
jet and disk in three BLRGs (3C120, 3C382 and 3C390.3),
the hypothesis is not completely convincing. From the radio
flux ratio of the approaching and receding jets (Leahy et
al 1997), we can obtain an estimate of the jet inclination,
i ≤ 60◦ . This is a rather large value if compared for exam-
ple, with 3C120 and 3C390.3 that show inclination angle less
than 14◦ and 33◦, respectively (Eracleous & Halpern 1999).
Although a large angle of view in 3C 445 justifies its strong
nuclear absorption, it does not justify the intense luminosity
of the putative jet. An inclination of i ∼ 60◦ implies a small
Doppler factor δ⋆ and, as a consequence a reduced flux am-
plification (Fo = δ
4Fi). If the analogy with the other BLRGs
is correct, in 3C 445 the jet/disk ratio should be smaller at
least by a factor ten.
Alternatively, the second component could be disk radi-
ation scattered within the torus and seen through the thin-
ner layers of the obscuring matter. If the gas distribution
in the circumnuclear region indeed resembles that expected
in Seyfert 2 galaxies, we could be looking at nuclear region
through a not uniform absorber (Turner et al. 1998, Weaver
et al. 1999) with denser layers near the equatorial plane
(Matt et al. 2000). Accordingly to the model proposed for
the Broad Line Region, one could think that the inner walls
of the torus are responsible for the scattered light. In this
case the scattering region should be completely ionized in
⋆ δ = [γ(1 − β cos i)]−1, being γ = (1 − β2)−1/2 and β the bulk
velocity in unit of c
order to act as a mirror. Although plausible, this interpreta-
tion can not completely explain the luminosity of the second
component. The ratio between direct and scattered radia-
tion f=n2/n1 ∼ 0.3 is expressed as a function of the solid
angle subtended by the scattering source and the Thompson
depth f= τsc × Ω/4π. Even assuming that all the scattered
light is seen by the observer through the thinner edge (i.e.
that we have a direct view of the equatorial plane), with a
column density ∼ 1023 cm−2, the scattered radiation is less
than 10%.
Another appealing interpretation involves photoionized
gas within the BLR. In this case the scattered radiation
should be observed through the same gas/dust layer which
obscures the BLR, assuming large dust grains in the cir-
cumnuclear AGN clouds (Maiolino et al 2001a, 2001b) to
reconcile the the discrepancy between the estimated NH,2 ∼
7× 1022 and the observed low reddening of the BLR.
The idea that electron scattering can occur in BLR
has been proposed in the past to explain the large wings
observed in the optical lines. Very recently, Laor (2007),
analyzing high quality Keck observations of NGC4395, has
shown that the Hα exponential wings can be actually pro-
duced within the BLR gas if τsc = 0.34. However this argu-
ment is still controversial. Although it seems plausible that
τsc ≤ 1, the real value of the electron scattering depth is
still very uncertain.
In the case of 3C 445, τsc ≤ 1 requires a solid angle
subtended by the BLR Ω/4π ≥ 0.3 in order to deviate to-
wards the observer ∼ 30% of the primary radiation. If the
semi-aperture angle of the torus is equal to the inclination
angle i = 60◦, the estimated solid angle Ω/4π = 0.25 is quite
similar to that required to account for f=n2/n1 ∼ 0.3. How-
ever, if τsc is significantly smaller, for example it is near to
the value proposed by Laor (2007), the high ratio between
direct and scattered radiation observed in 3C 445 requires
a larger solid angle for the BLR or an additional source of
photons (for example, the inner wall of the torus).
5.2 Soft X-ray spectrum
Thanks to the unprecedented combination of energy resolu-
tion and sensitivity of the RGS detector, the nature of the
soft excess has been resolved in 3C 445 for the first time. The
RGS continuum exhibit typical features of Seyfert 2 spec-
tra. Based on the Bianchi & Guainazzi (2007) diagnostic
plane, we argue that the emission lines originate in a warm
gas photoionized by the nuclear engine. The same material
is most likely responsible for scattering some of the nuclear
flow toward the observer. Indeed the ratio between the flux
of the scattered and primary power law is 2− 3 per cent, in
very good agreement with typical values observed in Seyfert
2 galaxies (Mulchaey et al. 1993, Turner et al. 1997; Bianchi,
private communication). Since the ionized material is only
attenuated by Galactic NH , it is natural to put it outside the
torus and well beyond the BLR. The scattering/emitting gas
could indeed coincide with the Narrow Line Region, as re-
cently suggested for Seyfert 2 galaxies by Bianchi, Guainazzi
& Chiaberge (2006) on the base of the impressive morpho-
logical similarity between Chandra and narrow-band HST
images of 8 sources. Considering the strong similarity be-
tween Seyfert 2s and 3C 445 (scattered continuum and emis-
sion lines), a non thermal origin of the soft X-ray continuum
c© 0000 RAS, MNRAS 000, 000–000
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appears very improbable. The contribution of an extra nu-
clear jet to the spectrum below 2 keV, if present, has to be
however marginal.
The detection of warm photo-ionized gas in the nuclear
regions of Radio Galaxies is, in some regards, unexpected.
Since ASCA, it is well known that warm gas, producing
characteristic absorption spectral features, is present in the
inner region of Seyferts. On the contrary, up to now, the only
cold absorber has been unambiguously revealed in Radio
Loud AGN. This result is very important and needs to be
consolidated by large sample analysis. We note in passing
that, if confirmed, it would support the (still debated) idea
that soft X-ray deficit seen in a handful of high redshift
(z> 4) radio loud quasars is due to warm gas (Worsley et
al. 2004, Yuan et al. 2005). It is indeed plausible that warm
absorber seen in face-on sources is the same material that
scatters nuclear X-rays into our line of sight in sources at
larger inclination angle.
6 SUMMARY AND CONCLUSION
• An XMM-Newton observation of the BLRG 3C 445 re-
veals its hidden Seyfert 2 nature.
• For the first time the soft excess of 3C 445 is resolved.
It is well fitted with highly ionized lines over-imposed to a
weak continuum. Warm possibly outflowing gas located well
beyond the torus, is responsible for the observed features.
The same emitting line gas deviates a fraction (3%) of the
primary X-ray continuum, escaping from the torus cone, to-
wards the observer.
• The emerging picture is coherent and does not require
an extra-nuclear jet to explain the soft unabsorbed flux.
• About 70% of the nuclear hard continuum is dominated
by an accretion flow radiation transmitted through a column
density ∼ 4×1023 cm−2. The detected Kα line has an equiv-
alent width consistent with an origin in the line-of-sight ab-
sorber. About 30% of the nuclear emission is absorbed by a
more tenuous column density ∼ 7× 1022 cm−2.
• If the the observer has a deep view into the nucleus but
near the edge of the torus, light scattered by the inner wall
of the torus and/or by the BLR region could (at least in
part) account for the less absorbed nuclear component.
REFERENCES
Bettoni, D., Falomo, R., Fasano, G., & Govoni, F. 2003, A&A,
399, 869
Bianchi, S., Guainazzi, M., & Chiaberge, M. 2006, A&A, 448, 499
Cohen, M. H., Ogle, P. M., Tran, H. D., et al. 1999, AJ, 118, 1963
Eracleous, M., & Halpern, J. P. 1998, ApJ, 505, 577
Eracleous, M., & Halpern, J. P. 2004, ApJS, 150, 181
Freudling, W., Siebenmorgen, R. & Haas M. 2003, ApJ 599, L13
Haas, M., Siebenmorgen, R., Schultz, B. et al. 2005, A&A, 442,
L39
der Herder J., Brinkman A.C., Kahn S.M., et al., 2001, A&A,
365, L7
Fossati, G., Maraschi, L., Celotti, A., Comastri, A., & Ghisellini,
G. 1998, MNRAS, 299, 433
Gabriel C., Denby M., Fyfe D. J., Hoar J., Ibarra A., 2003, in ASP
Conf. Ser., Vol. 314 Astronomical Data Analysis Software and
Systems XIII, eds. F. Ochsenbein, M. Allen, & D. Egret (San
Francisco: ASP), 759
Gabriel A.H., Jordan C., 1969, MNRAS, 145, 241
Ghisellini, G., Haardt, F., & Matt, G. 1994, MNRAS, 267, 743
Grandi, P., Foschini, L., Masetti, N., & Palazzi, E. 2004, A&A,
418, 907
Grandi, P., Malaguti, G., & Fiocchi, M. 2006, ApJ, 642, 113
Grandi, P., & Palumbo, G. G. C. 2006, ArXiv Astrophysics e-
prints, arXiv:astro-ph/0611342
Guainazzi, M., & Bianchi, S. 2007, MNRAS, 374, 1290
Kinkhabwala A., Sako M., Behar E., et al., 2002, ApJ, 575, 732
Laor, A. 2006, ApJ, 643, 112
Leahy, J. P., Black, A. R. S., Dennett-Thorpe, J., Hardcastle,
M. J., Komissarov, S., Perley, R. A., Riley, J. M., & Scheuer,
P. A. G. 1997, MNRAS, 291, 20
Maiolino, R., Marconi, A., Salvati, M., Risaliti, G., Severgnini,
P., Oliva, E., La Franca, F., & Vanzi, L. 2001a, A&A, 365, 28
Maiolino, R., Marconi, A., & Oliva, E. 2001b, A&A, 365, 37
Matt, G. 2004, Nuclear Physics B Proceedings Supplements, 132,
97
Mulchaey, J. S., Colbert, E., Wilson, A. S., Mushotzky, R. F., &
Weaver, K. A. 1993, ApJ, 414, 144
Murphy, E. M., Lockman, F. J., Laor, A., & Elvis, M. 1996, ApJS,
105, 369
Ostrbbrock, D. E., Koski, A. T. and Phillips, M. M. 1976, ApJ,
898, 206
Porquet D., Dubau J. 2000, A&AS, 143, 495
Rudy, R. J. & Tokunga, A. T. 1982, ApJ, 256, L1
Rudy, R. J., Schnidt, G. D., Stockman, H. S. et al. 1983, ApJ
271, 59
Sambruna, M. R.,George, I. M., Mushotzky, R. F., et al. 1998,
ApJ, 495, 749
Siebenmorgen, R., Freudling, W., Krugel, E. & Haas M. 2004,
A&A, 421, 129
Schoenmakers, A. P., de Bruyn A.G., Ro¨ttgenring, H. J. A., et
al., 2000, MNRAS 315, 371
Stru¨der L., Briel U., Dannerl K., et al., 2001, A&A 365, L18
Turner, T. J., George, I. M., Nandra, K., & Mushotzky, R. F.
1997, ApJ, 488, 164
Turner, T. J., George, I. M., Nandra, K., & Mushotzky, R. F.
1998, ApJ, 493, 91
Turner M.J.L., Abbey A., Arnaud M., et al., 2001, A&A 365, L27
Weaver, K. A., Wilson, A. S., Henkel, C., & Braatz, J. A. 1999,
ApJ, 520, 130
Worsley et al.(2004) Worsley, M. A., Fabian, A. C., Celotti, A. et
al. 2004, MNRAS, 350, L67
Wozniak, P. R., Zdziarski, A. A., Smith, D., Madejski, G. M., &
Johnson, W. N. 1998, MNRAS, 299, 449
Yamashita, A. & Inoue H. 1997, Proceeding of International Sym-
posium on X-ray Astronomy ASCA, Thirs anniversary, Fron-
tier Science Series 19, eds Makino F. & Mitsuda, K. pag. 313.
Yuan et al.(2005) Yuan, W., Fabian A. C., Celotti, A. et al 2005,
MNRAS, 358, 432
Note – While we were waiting for the comments of the
referee, Sambruna et al. (arXiv:0704.3053) submitted a sim-
ilar paper to Astro-ph. Our analysis is in agreement with
their results.
c© 0000 RAS, MNRAS 000, 000–000
